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Abstract 
Microgrid has been widely used as an approach for the integration of distributed energy 
sources with energy storage systems in the electric network.This paper proposes a novel 
coordinated converter topology with two diverse clasping circuits for interfacing the vitality 
stockpiling framework and the dc transport for private microgrid. The proposed integrated 
full-bridge-forward dc–dc converter presents the following features: low number of dynamic 
gadgets contrasted with the converters normally connected to comparable applications, low 
information and yield current swell, high voltage proportion, bidirectional force stream and 
galvanic confinement. A twofold finished forward converter with particularities, for example, 
no additional transformer demagnetizing circuit is started from the joining procedure. The 
reproduction results are displayed and a correlation between the proposed and the ordinary 
converter is finished. 
 
Index Terms—Dc–dc converter, energy storage system, microgrid (MG), distributed 
generation (DG), dc bus interconnection. 
 
INTRODUCTION 
RENEWABLE RESOURCES reduce 
environmental impact. So penetration of 
Distributed Generation (DG) on the main 
grid has increased due to the increase in 
electrical energy power consumption. 
Distributed generation (DG) technologies 
have been gaining interest due to some 
benefits such as high reliability, high 
power quality, modularity, efficiency, 
reduced or absent emissions, security, and 
load management. In any case, the 
uncontrolled utilization of individual DG 
units can bring about different issues in 
this way trading off their advantages. 
Troubles in associating these units 
specifically to the massive air conditioning 
framework because of their variable and 
discontinuous force era, voltage swaying 
in the line to which the sources are 
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associated, and assurance issues are some 
of these issues.  
 
Today, with the lion's share of gadgets and 
apparatuses being utilized as a part of the 
family utilizing DC voltage, DC 
appropriation is being considered as a 
reasonable contrasting option to AC. DC 
dispersion additionally benefits renewable 
vitality era that produce DC force, for 
example, photovoltaic (PV), by 
diminishing the quantity of vitality change 
steps. With the greater part of hardware 
and apparatuses working on DC and 
renewable vitality frameworks, for 
example, PV power frameworks, 
producing DC power, vitality use can 
conceivably be lessened by having DC 
sources and machines specifically 
associated. This reserve funds in vitality is 
accomplished by diminishing the quantity 
of transformations between DC to and 
exchanging current (AC).  
 
Since the segments of force hardware 
require DC voltage, DC's part started to 
ceaselessly rise. Today, most gadgets and 
apparatuses utilized as a part of private 
family units work on DC voltage. So DC 
is favored than AC and steps are taken to 
decrease the utilization of AC and 
increment the use of DC. 
 
Integration of DG is a challenging factor. 
A better way to apply the benefits and 
potential of DG, the MG concept has been 
gaining more notoriety each day.  The MG 
architecture is discussed in [1, 2]. The AC 
and DC advances in MG are profoundly 
talked about in [3]. The coordination, 
control and booking of Distributed Energy 
Resources (DERs) has been examined in 
[6, 7, 8] for both the network associated 
mode and stand-alone method of 
operation. A few focal points of the MGs 
are the likelihood to create electric force 
with lower ecological effect and less 
demanding association of these sources to 
the utility, including the force 
administration capacity among their 
components. With respect to association 
techniques for the conveyed vitality 
sources, vitality stockpiling gadgets, and 
burdens in a MG, the dc transport is the 
least difficult interconnection transport. 
This setup brings about high productivity, 
high dependability and no recurrence or 
stage control prerequisites when contrasted 
with the air conditioner interconnection 
transport. In addition, it has low 
appropriation and transmission 
misfortunes, minimal effort, the likelihood 
to work crosswise over long separations, 
and it doesn't utilize transformers, thusly 
prompting volume and cost diminishment.  
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Considering the neighborhood era of 
circulated sources, private MGs are being 
proposed as a fascinating answer for 
expanding renewable vitality generation 
and framework unwavering quality for 
family unit machines.  
 
In the MG frameworks, the vitality 
stockpiling framework is of awesome 
significance. It is in charge of supplying 
vitality to the heaps when the fundamental 
sources are not proficient amid brief 
timeframes and enduring state operation. 
Thus, because of the significance of the 
vitality stockpiling framework, this 
venture concentrates particularly on the dc 
power module of the MG vitality 
stockpiling framework. A dc–dc converter 
is important to interface the vitality 
stockpiling framework to the MG dc 
transport. In addition, it must have the 
capacity to work under a wide yield power 
range. A transformer is utilized as a 
voltage boosting gadget and for galvanic 
separation.  
 
Thus, the wanted converter must present 
the accompanying components: 
bidirectional force stream, high power 
operation, galvanic disengagement, high 
utilization of the super capacitor put away 
vitality and long battery lifetime. This 
converter is drawn nearer in subtle element 
in this venture with the reenactment 
consequences of the current and proposed 
topology. 
 
The private dc MG is appeared in figure 1. 
It involves two DG sources, a vitality 
stockpiling framework and both air 
conditioning and dc loads and a Plug-in 
Hybrid Electric Vehicle (PHEV). The 
microgrid has two transports:  
1. dc transport: in which the DG sources, 
stockpiling gadget and the dc burdens 
are associated.  
2. ac transport: in which the air 
conditioner loads and the utility 
network are associated. DERs are 
grouped into  
3. Distributed Generators (DG) which are 
grouped in light of the sort of assets 
i.e., renewable or non-renewable 
assets.  
4. Storage Systems (SS) which enhances 
the security, power quality, 
dependability and the general 
execution of the microgrid. 
 
A compositeenergy stockpiling framework 
(CESS) that contains both high vitality 
densitystorage battery and high power 
thickness stockpiling ultracapacitorfor 
supplying quality energy to the heaps is 
talked about in [9].  
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Fig 1: Residential DC MG 
 
Another battery/ultracapacitor mixture 
vitality stockpiling framework (HESS) for 
electric drive vehicles including electric, 
crossover electric, and module half breed 
electric vehicles is talked about in [10].  
 
So as to effectively control the force 
stream between the heap and 
ultracapacitor, a double dynamic extension 
converter can be used is talked about in 
[11].A bidirectional isolated dc-dc 
converter controlled by phase-shift angle 
and duty cycle for the fuel-cell hybrid 
energy system was analyzed and designed 
in [12].  
 
A three-port triple-half-bridge 
bidirectional dc–dc converter topology 
comprising a high-frequency three-
winding transformer and three half-
bridges, one of which is a boost half-
bridge interfacing a power port with a 
wide operating voltage is described in 
[13]. 
 
The rest of the paper is organized as 
follows. Following Section I, the existing 
system is explained in Section II, the 
proposed system is discussed in Section 
III.The comparison between the 
conventional and the proposed system is 
given in Section IV and the simulation 
results are displayed in the section V. 
Finally conclusions are drawn in Section 
VI. 
 
EXISTING SYSTEM 
The dual active bridge (DAB) bidirectional 
converter, is the most used topology for 
this application, is formed by two full-
bridge converters connected through an 
isolated transformer. The full bridge on the 
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right side is connected to the DC-bus, and 
the full bridge on the left side is attached 
to the battery. This converter is appropriate 
for situations in which both charging and 
discharging processes demand high power 
levels, which is not the case regarding the 
desired application. This is shown in figure 
2. 
 
Fig 2: Existing DAB Bidirectional Converter 
 
A dynamic extension on either side of the 
transformer permits bidirectional force 
exchange. The bi-directional dc-dc 
converter implies the information dc 
supply is changed over into air 
conditioning and after that dc by utilizing 
two full scaffold circuits. In one operation 
one full scaffold circuit work as rectifier in 
other operation it will work as inverter 
comparably the second full extension 
circuit will work as rectifier in one 
operation and in the converse operation it 
will work as inverter. Both the converters 
are dependably in working in rectifier 
mode or inverter mode so we can call as 
double dynamic scaffold furthermore the 
operation proceeds in both forward and 
turn around mode then we totally call as 
Bidirectional double dynamic extension 
(DAB) dc-dc converter. Bidirectional force 
stream capacity is a key element of DAB 
dc–dc converters, allowing adaptable 
interfacing to vitality stockpiling gadgets.  
 
At first the supply is given to the info 
terminal Vin, the supply is dc supply is 
courses through the MOSFETS, and a 
seclusion transformer is associated with 
the other full extension converter which is 
having four MOSFETS and capacitors 
associated over every switch, two 
capacitors are associated crosswise over 
information supply and yield terminal to 
give better swell free operation. This 
circuit can work in two sorts, for example, 
buck and support operations. In forward 
operation one full extension circuit work 
as inverter to change over dc voltage into 
air conditioning voltage and the other full 
scaffold circuit works as rectifier to 
change over air conditioning voltage into 
dc voltage. 
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Double dynamic scaffold (DAB) 
converters have been generally utilized in 
light of the fact that they work with elite, 
high effectiveness, galvanic disconnection, 
and an intrinsic delicate exchanging 
highlight. Bi-directional force transmission 
is a normal for the DAB converter that 
empowers adaptable interfacing with 
vitality stockpiling gadgets. Spot 
converters are appropriate for bi-
directional DC/DC converters utilizing 
low-voltage battery chargers. 
 
A dc-dc bidirectional converter can be 
included between the vitality stockpiling 
gadget promotion one of the full-connects. 
It gives focal points, for example, 
stretched out battery lifetime and to 
acquire better use of the super capacitors 
and to lessen the full-connect switches 
current level and cost by boosting the 
voltage from the vitality stockpiling 
framework to a middle of the road esteem. 
The DAB converter is constrained to a 
decreased working extent relying upon 
voltage change proportion and yield 
current. This is a downside for applications 
that work for the most part with variable or 
low loads as the general converter 
effectiveness is decreased. 
 
It needs a hoisted number of dynamic 
gadgets accordingly bringing about high 
cost. It additionally displays a high 
information and yield current swell, the 
delicate exchanging just happens on a 
particular operation range. On the off 
chance that a DAB converter charges or 
releases the battery in the framework, the 
battery voltage changes. In this manner the 
force change proficiency is in this manner 
diminished. Furthermore, if the battery 
voltage is changed, the exchanging 
recurrence gets to be variable in respect to 
the battery voltage changes. 
 
PROPOSED SYSTEM 
The proposed converter must be intended 
for both charging and releasing 
procedures. The proposed dc–dc converter 
is the coordination of a full-connect and a 
forward converter. The full-connect 
converter is in charge of the vitality 
stockpiling framework releasing stage, 
while the forward converter is in charge of 
the vitality stockpiling framework 
charging stage. The transformer plan 
strategy is talked about in [21]. 
 
FULL-BRIDGE CONVERTER 
The full-bridge converter topology is 
basically the same as the half-bridge 
converter, where four switches are used. It 
is shown in figure 3. Diagonal pairs of 
switches (Sw1-Sw4 or Sw2-Sw3) conduct 
alternately, thus achieving current reversal 
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in the transformer primary. Output voltage 
equals that of the equation (1). 
𝑉𝑜𝑢𝑡 = 2𝐷𝑉𝑖𝑛
𝑁2
𝑁1
                                   (1) 
The full-bridge converter with a phase 
shift control has been used for high step-up 
applications. Another benefit of phase shift 
full bridge is its capability to cover wide 
power range. For power from several 
hundred watts to kilowatts, full bridge 
converter can perform very well.  
 
Fig 3: Full-Bridge Converter 
 
The two halves of the center-tapped 
secondary winding may be viewed as 
separate windings and hence we can treat 
this circuit element as a three winding 
transformer having turns ration n1:n2:n3 as 
1:n:n. The typical waveforms of the full-
bridge converter are illustrated in figure 4. 
 
Amid the principal subinterval 0 < t < 
DTs,transistor Q1 and Q4 conducts and the 
transformer essential voltage is VT=Vg. 
This causes the polarizing current iM(t) to 
increment with an incline of Vg/LM. The 
voltage showing up over every 50% of the 
middle tapped auxiliary winding is nVg, 
with an extremity mark as positive 
potential. Diode D5 is accordingly forward 
one-sided and diode D6 is opposite one-
sided. The voltage vS(t) is then equivalent 
to nVg and the yield channel inductor 
current i(t) moves through diode D5. 
 
Fig 4: Waveforms of the Full-Bridge 
Converter 
 
In the subinterval DTS< t < TS, all the four 
transistors are switched off and hence the 
transformer voltage VT=0. Alternative 
transistors could conduct and both diodes 
D5 and D6 are forward biased and each 
diode conducts approximately one-half of 
the output filter inductor current. 
 
The next switching period TS<t<2TS, 
proceeds in a similar manner, except that 
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the transformer is excited with voltage of 
opposite polarity. During TS< t < (TS + 
DTS), transistors Q2 and Q3 conducts and 
diode D6 conducts. The applied 
transformer primary voltage vT=-Vg which 
causes the magnetizing current iM(t) to  
decrease  with  a slope of -Vg/LM. The 
voltage vS(t) is then equal to nVg. 
 
FORWARD CONVERTER 
Shown in figure 5. When the switch Sw1 is 
ON, diode D2 becomes forward biased and 
diodes D1 and D3 are reverse biased. VIN 
appears across the primary, and then 
generates output voltage determined by the 
equation (2).  
𝑉𝑜𝑢𝑡 = 𝐷𝑉𝑖𝑛
𝑁3
𝑁1
                                      (2) 
 
Fig 5: Forward Converter 
 
The diode D2 on the auxiliary guarantees 
that exclusive positive voltages are 
connected to the yield circuit while D3 
gives a circling way to inductor current if 
the transformer voltage is zero or negative. 
A third winding is added to the 
transformer of a forward converter, 
otherwise called a "reset winding". This 
winding guarantees that the polarization of 
the transformer center is reset to zero 
toward the beginning of the switch 
conduction.This winding forestalls 
immersion of thetransformer.  
 
Because of the nearness of the full-connect 
converter for the releasing procedure, it is 
conceivable to use the particular dynamic 
changes to amend the converter yield 
voltage amid the charging procedure. 
Along these lines, it is important to include 
just the info phase of the individual 
converter for the charging procedure. One 
of the most straightforward converters for 
this application is the forward converter, 
which requests stand out dynamic switch 
and is fitting for the related force levels. 
 
PROPOSED DC-DC CONVERTER 
The proposed dc–dc converter is the mix 
of a full-connect and a forward converter 
and is appeared in figure 6.  
 
Fig 6: Proposed integrated full-bridge 
forward dc-dc converter including a 
bidirectional converter 
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The full-connect converter is in charge of 
the vitality stockpiling framework 
releasing stage, while the forward 
converter is in charge of the vitality 
stockpiling framework charging stage. 
This forward converter resultant by the 
coordination procedure is known as a 
twofold finished forward converter. 
 
A dc–dc bidirectional converter can be 
included between the vitality stockpiling 
gadget and the full-connect. It gives 
preferences, for example, to augment the 
battery lifetime by keeping up the supplied 
current with a low swell, to acquire better 
utilization of the supercapacitor put away 
vitality by bringing down the 
supercapacitor voltage level, and to lessen 
the full-connect switches current level and 
cost by boosting the voltage from the 
vitality stockpiling framework to a middle 
quality. Amid the vitality stockpiling 
framework releasing stage, the 
bidirectional converter helps the voltage 
from the vitality stockpiling framework to 
a middle of the road level, while amid the 
vitality stockpiling framework charging 
stage, it performs voltage postregulation or 
remain intermediate level, while during the 
energy storage system charging stage, it 
performs voltage postregulation or remains 
with Sbid1 ON and Sbid2 OFF acting as a 
low-pass filter, thus eliminating the 
switching losses. The converter parameters 
are shown in table 1. 
 
Table I:Converter Parameters 
PARAMATER SYMBOL VALUE 
DC bus voltage Vbus 400 V 
Full-bridge charging voltage Vcharg 50 - 55 V 
Full-bridge discharging voltage Vfb 80 V 
Nominal storage system voltage Vsto 48 V 
Minimum storage system voltage Vsto_min 24 V 
Maximum forward switch voltage Vsw5_min 1200 V 
   
Considering the full-connect forward 
topology without the bidirectional 
converter, it shows a lessened part tally 
contrasted with the full-connect and 
forward topologies without the joining 
procedure accomplished because of the 
end of one transformer, two diodes, and 
one inductor, bringing about a lower usage 
cost. The joining procedure and the 
bidirectional force stream trademark 
accommodate the utilization of one and 
only converter to associate the vitality 
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stockpiling framework to the dc transport, 
streamlining the dc transport voltage 
direction and MG administration process. 
The proposed topology has a basic vitality 
stockpiling framework charging process 
contrasted with the DAB converter, once it 
requires stand out dynamic switch and 
drive circuit contrasted with four in its 
partner.  
 
The vitality stockpiling framework 
releasing stage is indistinguishable to the 
conventional full-connect converter 
operation. The charging stage, then again, 
introduces a few contrasts contrasted with 
the conventional forward converter 
operation, to be specific, the yield phase of 
the converter has a full-connect trademark 
rather than a freewheeling stage 
constituting a twofold finished forward 
converter; the transformer demagnetizing 
procedure is executed by the antiparallel 
diodes of the full-connect converter 
switches, rather than one extra transformer 
winding; and the yield inductor is wiped 
out. The yield inductor of the forward 
converter must be disposed of on the 
grounds that it would control appropriate 
full-connect converter operation, because 
of the high forced obligation cycle 
misfortune. Its capacity on the forward 
converter operation is performed by the 
essential winding transformer spillage 
inductance. In spite of the fact that this 
inductance is low, the high exchanging 
recurrence of the converter makes it 
enough to permit appropriate operation.  
 
At the point when a substantial stride up or 
venture down change proportion is 
required, the utilization of transformer can 
permit better converter streamlining by 
legitimate decision of the transformer 
swings proportion to enhance the 
productivity and with lower cost. A three-
winding transformer is required in this 
topology. Windings 1 and 2 are utilized as 
a part of the full-connect operation, and 
windings 1 and 3 in the forward operation. 
One diode should be included arrangement 
with the transformer tertiary twisting to 
maintain a strategic distance from current 
course through the antiparallel diode of the 
forward converter switch amid full-
connect converter operation mode. 
 
PROPOSED CONVERTER 
INCLUDING DISSIPATIVE PASSIVE 
CLAMPING CIRCUIT 
So as to maintain a strategic distance from 
voltage spikes amid the turn-off of the 
forward converter dynamic switch because 
of the intrusion of the current through the 
transformer spillage inductance, one latent 
cinching circuit is initially included 
parallel to this switch. This clipping circuit 
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is made out of one diode, one capacitor 
and one resistor, it is appeared in figure 7.  
 
The vitality stockpiling framework 
releasing procedure is indistinguishable to 
the customary full-connect converter. 
Uncommon consideration is centered 
around the vitality stockpiling framework 
charging process (twofold finished 
forward converter) because of its 
particularities.
.  
Fig 7: Proposed converter including dissipative passive clamping circuit 
 
PROPOSED CONVERTER 
INCLUDING REGENERATIVE 
PASSIVE CLAMPING CIRCUIT 
Utilizing the same segments of the 
dissipative aloof cinching circuit appeared 
in figure 7 and transforming one of the 
resistor association focuses, as appeared in 
figure 8, it is conceivable to adjust the 
clipping circuit in a manner that part of the 
digressed vitality is recovered back to the 
microgrid dc transport and a littler part is 
dispersed over the resistor. One terminal of 
the resistor keeps on being associated 
between the capacitor and diode of the 
bracing circuit, while the other terminal is 
associated between the dc transport and 
the diode in arrangement with the 
transformer tertiary winding. 
 
Fig 8: Proposed converter including regenerative passive clamping circuit 
 
The operation stages are very similar 
compared to the previous clamping circuit. 
The only differences are the voltage levels 
across the clamping capacitor and resistor, 
and consequently, the duration of the 
stages is slightly different. 
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COMPARISON 
The main objective of this section is to 
compare the proposed topology with the 
mostly used consolidated converter for 
similar applications which is a DAB 
converter. In order to make a fair 
comparison, the transformer turns ratio 
n1:n2 and operation frequency have been 
chosen to be the same. Moreover, the 
parameter known as d must be kept near to 
1. The parameter d is given by the 
equation (3). 
𝑑 =
𝑛1𝑉𝑜𝑢𝑡
𝑛2𝑉𝑖𝑛
 3  
The efficiency of the converter is 
calculated using the formula given by the 
equation (4). 
 =
𝑛1𝑉𝑜𝑢𝑡
𝑛2𝑉𝑖𝑛
∗ 100 %                                   4  
The transformer volume is practically the 
same for the three converters. The core 
volume is the same. The copper volume is 
almost the same because the turns ratio is 
equal, but the current levels through DAB 
with a bidirectional converter are higher 
than in the proposed converter, demanding 
more parallel wires, while the proposed 
converter demands an additional tertiary 
winding designed for small charging 
current.  
 
The proposed converter presents lesser 
number of active devices than the DAB 
converters, but more passive devices. 
However, it is important to highlight that 
the two inductors provide considerably 
low input and output currents ripple, one 
of the main objectives for the application.  
The DAB with a bidirectional converter 
presents high output current ripple and 
demands ten semiconductor switches. 
Regarding the proposed converter, the 
RMS input, output, and transformer 
currents are similar, but lower than its 
counterparts, demanding less parallel 
wires. The RMS switches’ currents are 
also similar, demanding practically the 
same devices’ current levels. Therefore, it 
can be concluded that low input and output 
current ripples are achieved with less or 
the same number of active devices, 
without compromising the transformer 
volume and the switches current levels. 
 
SIMULATION RESULTS 
This section presents the simulation results 
of the conventional Dual Active 
Bridge(DAB) bidirectional converter and  
the proposed Integrated full-bridge and 
forward converter.  
 
The MATLAB model of the DAB 
bidirectional converter while discharging 
is shown in figure 9. The dc bus voltage is 
400V and the output of the converter while 
discharging  must be equal to 400V. 
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Fig 9: MATLAB model of DAB bidirectional converter discharging stage 
 
The output dc bus voltage of the DAB 
bidirectional converter while discharging is 
400V and the output voltage waveform is 
shown in the figure 10.  
 
Fig 10: Output waveform of dc bus voltage 
 
The MATLAB model of the DAB 
bidirectional converter while charging is 
shown in figure 11. The output of the 
converter while charging must be equal to 
48V as the battery voltage is equal to 48V. 
The output voltage waveform of the 
battery voltage of the DAB bidirectional 
during charging is is shown in the figure 
12.The MATLAB model of the integrated 
full-bridge-foward bidirectional converter 
while discharging is shown in figure 13. 
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Fig 11: MATLAB model of DAB bidirectional converter charging stage 
 
 
Fig 12: Waveform of battery charging voltage 
 
 
Fig 13:MATLAB model of integrated full-bridge-foward bidirectional converter discharging 
stage 
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The dc bus voltage is 400V and the output of 
the converter while discharging  must be 
equal to 400V. 
The output dc bus voltage of the proposed 
converter while discharging is 400V and the 
output voltage waveform is shown in the 
figure 14.  
 
Fig 14: Output waveform of dc bus voltage 
 
The MATLAB model of the integrated full-
bridge-forward dc-dc converter while 
charging is shown in figure 15. The output of 
the converter while charging must be equal 
to 48V as the battery voltage is equal to 48V. 
 
Fig 15:MATLAB model of integrated full-bridge-foward dc-dc converter charging stage 
 
The output voltage waveform of the battery voltage of the DAB bidirectional during charging 
is is shown in the figure 16. 
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Fig 16: Waveform of battery charging voltage 
 
The MATLAB model of the integrated 
full-bridge-forward bidirectional converter 
including dissipative passive clamping 
circuit while discharging is shown in 
figure 17. The dc bus voltage is 400V and 
the output of the converter while 
discharging must be equal to 400V. 
  
 
Fig 17: MATLAB model of integrated full-bridge-forward bidirectional converter including 
dissipative passive clamping circuit discharging stage 
 
The output dc bus voltage of the proposed 
converter including dissipative passive 
clamping circuit while discharging is 400V 
and the output voltage waveform is shown in 
the figure 18. 
  
 
 
17 Page 1-24 © MAT Journals 2016. All Rights Reserved 
 
Journal of Controller and Converters  
Volume 1 Issue 3 
 
Fig 18: Output waveform of dc bus voltage 
 
The MATLAB model of the integrated full-
bridge-forward dc-dc converter including 
dissipative passive clamping circuit while 
charging is shown in figure 19. The output of 
the converter while charging must be equal 
to 48V as the battery voltage is equal to 48V. 
 
 
Fig 19: MATLAB model of integrated full-bridge-foward dc-dc converter including 
dissipative passive clamping circuit charging stage 
 
The output voltage waveform of the battery 
voltage of the proposed converter including 
dissipative passive clamping circuit during 
charging is is shown in the figure 20. 
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Fig 20: Waveform of battery charging voltage 
The MATLAB model of the integrated 
full-bridge-foward bidirectional converter 
including regenerative passive clamping 
circuit while discharging is shown in 
figure 21. The dc bus voltage is 400V and 
the output of the converter while 
discharging  must be equal to 400V. 
 
Fig 21: MATLAB model of integrated full-bridge-foward bidirectional converter including 
regenerative passive clamping circuit discharging stage 
 
The output dc bus voltage of the proposed 
converter including dissipative passive 
clamping circuit while discharging is 400V 
and the output voltage waveform is shown in 
the figure 22. 
The MATLAB model of the integrated full-
bridge-forward dc-dc converter including 
dissipative passive clamping circuit while 
charging is shown in figure 23. The output of 
the converter while charging must be equal 
to 48V as the battery voltage is equal to 48V. 
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Fig 22: Output waveform of dc bus voltage 
 
 
Fig 23: MATLAB model of integrated full-bridge-forward dc-dc converter including 
dissipative passive clamping circuit charging stage 
 
 
Fig 24: Waveform of battery charging voltage 
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The output voltage waveform of the 
battery voltage of the proposed converter 
including dissipative passive clamping 
circuit during charging is is shown in the 
figure 24. 
 
A comparison between the dc bus output 
voltage waveforms of the conventional and 
proposed converters with and without 
clamping circuits are done and is shown in 
figure 25. From the figure it is clear that in 
the proposed converter the discharging 
voltage attains the required value of 400V 
when compared with the conventional 
converter. 
 
Fig 25: Comparison of discharging dc bus output voltage waveforms 
 
A comparison between the charging 
voltage waveform of the conventional and 
proposed converters with and without 
clamping circuits is done and is shown in 
figure 26. From the figure it is clear that in 
the proposed converter the charging 
voltage attains the required value of 48V 
when compared with the conventional 
converter.   
 
 
Fig 26: Comparison of the charging voltage waveforms 
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The performance comparison between the 
dual active bridge (DAB) bidirectional 
converter and the integrated full-bridge 
forward dc-dc converter with and without 
clamping circuits is shown in Table II. 
Figure 27 presents an efficiency comparison 
between the dual active bridge (DAB) 
bidirectional converter and the integrated 
full-bridge forward dc-dc converter with and 
without clamping circuits. The efficiency is 
calculated using the equation 5.     
 =
𝑛1𝑉𝑜𝑢𝑡
𝑛2𝑉𝑖𝑛
∗ 100 %                                      (5) 
 
 
Fig 26: Efficiency Comparison 
 
TABLE II:Performance Comparison 
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CONCLUSION 
This paper proposes an integrated full-
bridge-forward dc–dc converter to connect 
the energy storage system to the dc bus of 
a residential MG. The major advantages of 
the proposed converter are reduced active 
switches when compared to the Dual 
Active Bridge (DAB) converter, high 
usage of the supercapacitor stored energy, 
and a long battery bank lifetime. The 
proposed topology presents low input and 
output current ripple, high voltage ratio, 
high power operation on the discharging 
process, galvanic isolation, and 
bidirectional power flow, as requested by 
the application.Two different clamping 
circuits are studied. 
 
The proposed dc-dc converter with two 
different converter topologies are studied 
and the simulation outputs are presented. 
A comparison between the conventional 
converter and proposed converter with two 
different topologies are made.  
 
From the simulation results it is shown 
that the proposed converter yields better 
performance than the conventional 
one.The proposed converter including 
regenerative passive clamping circuit 
achieves a higher efficiency of 92.15% and 
better performance than the conventional 
converter and the proposed converter 
without clamping circuit and the proposed 
converter with dissipative clamping 
circuit. 
 
REFERENCES 
1. H. Jaiyi, J. Chuanwen and XuRong, “A 
review on distributed energy resources 
and microgrid,” Renew. Sustain. 
Energy Rev., vol.12, pp. 2472-2483, 
2008. 
2. Robert H. Lassester, “Microgrids and 
Distributed Generation,” Journal of 
Electrical Engineering, American 
Society of Civil Engineers, Sep 2007. 
3. E. Planas, Jon Andreu, J.I. Garate and 
I. M. de Algeria, Edorta, “AC and DC 
technologies in microgrids: A review,” 
Renew. Sustain. Energy Rev., vol.43, 
pp. 726-749, 2015. 
4. E. Hossain, E. Kabalci, R. Bayindir 
and R. Perez, “Microgridtestbeds 
around the world,” Energy Convers 
Manage., vol. 86, pp. 132-153, 2014. 
5. T.S. Ustun, C. Ozansoy and A. 
Zayegh, “Recent developments in 
microgrids and example cases around 
the world-A review,” Renew. Sustain. 
Energy Rev., vol.15, pp. 4030-4041, 
2011. 
6. P Basak, S, Chowdhury, S, Halder nee 
Dey and S.P, Chowdhury, “A literature 
review on integration of distributed 
  
 
 
23 Page 1-24 © MAT Journals 2016. All Rights Reserved 
 
Journal of Controller and Converters  
Volume 1 Issue 3 
energy resources in the perspective of 
control, protection and stability of 
microgrid,” Renew. Sustain. Energy 
Rev., vol.16, pp. 5545-5556, 2012. 
7. Q. Jiang, M. Xue and G. Geng, 
“Energy Management of Microgrid in 
Grid-Connected and Stand-Alone 
Modes,” IEEE Trans. On Power 
Systems, Vol. 28, no. 3, pp. 3380-3389, 
Aug 2013. 
8. Nikos Hatziargyriou, “Microgrids 
Architectures and Control” by IEEE 
press, wiley, 2014. 
9. H. Zhou, T. Bhattacharya, D. Tran, T. 
S. T. Siew, and A. M. Khambadkone, 
“Composite energy storage system 
involving battery and ultracapacitor 
with dynamic energy management in 
microgrid applications,” IEEE Trans. 
Power Electron., vol. 26, no. 3, pp. 
923–930, Mar. 2011. 
10. J. Cao and A. Emadi, “A new 
battery/ultracapacitor hybrid energy 
storage system for electric, hybrid, and 
plug-in hybrid electric vehicles,” IEEE 
Trans. Power Electron., vol. 27, no. 1, 
pp. 122–132, Jan. 2012. 
11. H. Zhou and A. M. Khambadkone, 
“Hybrid modulation for dual-
activebridge bidirectional converter 
with extended power range for 
ultracapacitor application,” IEEE 
Trans. Ind. Appl., vol. 45, no. 4, pp. 
1434–1442, Jul. 2009. 
12. Z. Zhang, Z. Ouyang, O. C. Thomsen, 
and M. A. E. Andersen, “Analysis and 
design of a bidirectional isolated DC–
DC converter for fuel cells and 
supercapacitors hybrid system,” IEEE 
Trans. Power Electron., vol. 27, no. 2, 
pp. 848–859, Feb. 2012. 
13. H. Tao, J. L. Duarte, and M. A.M. 
Hendrix, “Three-port triple-half-bridge
  bidirectional converter with zero-
voltage switching,” IEEE Trans. 
Power Electron., vol. 23, no. 2, pp. 
782–792, Mar. 2008. 
14. R. W. Erickson and D. Maksimovic, 
Fundamentals of Power Electronics. 
New York: Kluwer, 2004. 
15. Pressman, Switching Power Supply 
Design. New York: McGraw-Hill, 
1998. 
16. R. H. Lasseter and P. Paigi, 
“Microgrid: A conceptual solution,” in 
Proc.IEEE Power Electron. Spec. 
Conf., Jun. 2004, vol. 6, pp. 4285–
4290. 
17. L. Roggia, C. Rech, L. Schuch, J. E. 
Baggio, H. L. Hey, and J. R. Pinheiro, 
“Design of a sustainable residential 
microgrid system including PHEV and 
energy storage device,”  in Proc. Eur. 
Conf. Power Electron. Appl., 2011, pp. 
1–9. 
  
 
 
24 Page 1-24 © MAT Journals 2016. All Rights Reserved 
 
Journal of Controller and Converters  
Volume 1 Issue 3 
18. F. Ongaro, S. Saggini, and P. 
Mattavelli, “Li-ion battery-
supercapacitor hybrid storage system 
for a long lifetime, photovoltaic-based 
wireless sensor network,” IEEE Trans. 
Power Electron., vol. 27, no. 9, pp. 
3944– 3952, Sep. 2012. 
19. J. Cao and A. Emadi, “A new 
battery/ultracapacitor hybrid energy 
storage system for electric, hybrid, and 
plug-in hybrid electric vehicles,” 
IEEETrans. Power Electron., vol. 27, 
no. 1, pp. 122–132, Jan. 2012. 
20. H. Zhou and A. M. Khambadkone, 
“Hybrid modulation for dual-
activebridge bidirectional converter 
with extended power range for 
ultracapacitor application,” IEEE 
Trans. Ind. Appl., vol. 45, no. 4, pp. 
1434–1442, Jul. 2009. 
21. Leandro Roggia, Luciano Schuch, 
Jos´e Eduardo Baggio, 
CassianoRech,Jos´eRenesPinheiro, 
“Integrated Full-Bridge-Forward DC–
DC Converter for a Residential 
Microgrid Application”, IEEE Trans. 
Power Electron., vol. 28, no. 4, April 
2013. 
 
 
 
S.Monesha was born on April 2, 1992 in 
India. She completed her B.E. and M.E. 
degrees from Panimalar Institute of 
Technology, Chennai, India and 
Government College of Engineering, 
Tirunelveli, India in 2013 and 2015 
respectively. She is presently a Ph.D. 
student in Department of Electrical and 
Electronics Engineering in Anna 
University, Chennai. Her research interests 
are control and protection of microgrid.  
 
 
S. Ganesh Kumar was born on May 25, 
1977 in India. He completed his B.E., 
M.E. and Ph.D. degrees from Madras 
University and Anna University in 1998, 
2005 and 2014 respectively. He is 
presently working at Anna University, 
Chennai as Assistant Professor in 
Department of Electrical and Electronics 
Engineering. His areas of interest are 
Electrical Machines and Drives. 
